INTRODUCTION
The intense exploitation of fishing resources has led the activity into a global crisis. However, fishing effort continues to increase despite the collapse of some of the main fish stocks (FAO, 2014) . This increasing effort produces both direct and indirect impact on marine ecosystems (PAULY et al., 2002) . Marine debris resulting from abandoned, lost or otherwise discarded fishing gear (ALDFG) (LAIST, 1995; MACFADYEN et al., 2009 ) is one type of indirect impact, responsible for harming marine fauna and for causing economic loss (DAYTON et al., 1995) .
ALDFG captures target and non-target fish species by a phenomenon known as 'ghost fishing', which means that the fishing gear continues to catch fish even though fishers are no longer controlling it (SMOLOWITZ, 1978) . The term is associated with mortality and injuries inflicted on vertebrates and invertebrates caught by ALDFG (BREEN, 1987; RAYKOV, 2014) .
At least one-third of the Brazilian coast consists of reef environments, with coral reefs concentrated on the northern/ northeastern coast and rocky reefs on the southeastern/ southern coast. These ecosystems are highly diverse, rich in natural resources and of great ecological, economic and social importance, with immense potential for hosting endemic species (FERREIRA et al., 2001; ROCHA, 2003) .
There are few studies on the impact of ghost fishing in Brazil, many of them reporting the existence of marine debris and fishing gear found in coastal areas FILLMANN, 2010; MASCARENHAS et al., 2008; POSSATTO et al., 2011; VIEIRA et al., 2011; DANTAS et al., 2012) . Ghost fishing was reported for the first time in Brazil -on the coast of the state of Santa Catarina -by CHAVES and ROBERT (2009). There is, however, no direct measurement of marine fauna mortality caused by ghost fishing.
The state of Santa Catarina is part of the Brazilian southern region where rocky reefs are dominant. In view of the magnitude of fishing in this state and the vulnerability of reef environments, the objective of this study was to analyze the occurrence and causes of ghost fishing on rocky reefs. Santa Catarina has a coastline approximately 531 km long and is included in the Atlantic Biogeographical Province (FLOETER; GASPARINI, 2000) and harbors a great variety of environments including rocky reefs (HOSTIM-SILVA et al., 2006) .
A total of 84 surveys were carried out around 28 reef sites, between 26 o and 29°S (Figure 1 ) in the search for ALDFG, from November 2011 to December 2012. Surveys were conducted using scuba diving at depths of one to 25 m, with an average underwater duration of 30 min. Quantitative and qualitative data of ALDFG and entangled species (entanglement only in nets) observed were recorded using plastic board and pencil, photos, and videos. Samples (parts) of gillnets were obtained to measure the mesh size (distance between opposing knots) using a digital caliper (precision of 0.1 mm) and images were analyzed. The type of fishing gear was described in accordance with FAO (1990) definitions and the species were identified to the lowest possible taxonomic level.
Information on derelict fishing gear was also obtained through interviews with fishers (N=51), using a semistructured form based on ALBUQUERQUE et al. (2010) , which contained questions related to: location, type of fishing gear, target species, causes, season and methods of prevention of ALDFG. Similar data were further obtained from spearfishers (N=43). We recorded ALDFG in all areas sampled, including those in which fishing is not allowed, such as the Arvoredo Marine Biological Reserve (a marine protected area -MPA) and a restricted region used to unload oil tankers (a national security area).
Twelve types of ALDFG were identified on the coast of the state of Santa Catarina (N=107), with gillnets ( Figure 2 ) being the most common of them (Table 1) . These nets had seven mesh sizes measured between opposing knots: 90 mm (35%), 80 mm (25%), 100 mm (12%), and 40, 110, 120 and 140 mm (≤10% each).
Thirty-two individuals of 12 species were recorded, eight of which were Teleostei and four Crustacea, all found in gillnets ( Table 2 ). The dusky grouper (Epinephelus marginatus) was the most common species found in derelict gillnets (Figure 2 ), followed by crustaceans: Menippe nodifrons, Damithrax hispidus, and Cronius ruber.
Fishers report that bottom gillnets were the most easily lost gears, usually during the winter, due to bad weather conditions. According to fishers, there are also other contributing factors during the winter: a greater fishing effort on stocks of mullet (Mugil spp.) and the occurrence of right whale (Eubalaena australis). Fishers provided a list of ways to prevent ALDFG: enforcement of legislation, investment in location and navigation equipment (light buoy, sonar, VHF radio, and GPS), training in the correct use of fishing gear, and knowledge of weather forecasting (Table 3) . This study revealed that ALDFG is widely distributed on the coast of the state of Santa Catarina, mainly near the shore where fishing activities are more intense. ALDFG has been found within fishing exclusion zones, a fact that had already been reported in other Brazilian studies (CASARINI; OBERG, 2007; GODOY et al., 2007) .
Anthropic pressure is greater on coastal islands (GODOY et al., 2007) because these are areas much used by tourists and fishers (both recreational and commercial), thereby increasing ALDFG incidence. Ghost fishing is also observed in areas distant from the coast and even in areas where fishing is restricted, such as conservation units. ALDFG has also been observed in oceanic habitats, such as seamounts and atolls in the Atlantic Ocean Gillnets are one of the most widely used types of fishing gear in the world (HOVGARD; LASSEN, 2000) . This is also true among Brazilian artisanal fishers, probably due to the relatively low investment in equipment and human resources required when compared to other fishing practices. The Brazilian fishing legislation imposes rules for the use of gillnets (BRASIL, Ministério da Pesca e Aquicultura/Ministério do Meio Ambiente, 2012), but fishing laws are not respected (KOTAS et al., 2005) and illegal fishing is one of the possible causes of ALDFG.
The abandonment, loss or discarding of fishing gear on rocky reefs occurs regardless of the type of fishers (commercial or recreational) or fishing methods, and has an impact on vulnerable species (e.g., sharks) and species with high market value such as groupers and lobsters. It is worth pointing out that, although the numbers observed are relatively low, they represent specific cases. The mortality caused is, in fact, much higher due to the great durability of this gear.
Various studies have reported the incidence of the capture, injury, and mortality of marine megafauna caused by ALDFG (GODLEY et al., 1998; GOOD et al., 2009; ALLEN et al., 2012; HONG et al., 2013) . ALDFG is considered to be non-selective, thereby posing a risk to marine organisms of all sizes (CHAVES; ROBERT, 2009), as well as to sessile species such as corals (CHIAPPONE et al., 2005; BO et al., 2014) . Fish and crustaceans are amongst the groups most affected by ghost fishing (ERZINI et al., 1997) .
The dusky grouper (E. marginatus) is an important marine fish resource for the state of Santa Catarina (MACHADO et al., 2003) . It should be noted that E. marginatus is currently listed under the category "vulnerable" in Brazil (BRASIL, Ministério do Meio Ambiente, 2014) and classified as "endangered" according to the International List of Endangered Species by the International Union for the Conservation of Nature (CORNISH; HARMELI-VIVIEN, 2004) . Spearfishers report frequent observation of this species in derelict gear (gillnets), corroborated by our survey, thereby providing evidence of cumulative losses for the fishing sector (GILARDI et al., 2010) and for the entire ecosystem as this is one of the main predators (SALE, 1991) .
Even though no turtles, birds or marine mammals were observed in ALDFG during this study, spearfishers reported incidences of capture for the first two groups. IUCN classified the magellanic penguin as "near to being classified as threatened" (MÄDER; SERAFINI, 2011) and sea turtles occurring along the Brazilian coast are classified as "endangered" or "critically endangered" (MACHADO et al., 2008) . The issue of ALDFG thus deserves greater attention than it currently receives in Brazil.
The occurrence of ALDFG usually happens during the winter, probably due to the adverse weather conditions associated with the predominance of southwesterly winds and cold fronts (Frontal Systems) coming from the south (ARAÚJO et al., 2006) . The influence of strong winds has also been reported by fishers in Brazil (ALARCON et al., 2009) and other countries (MATTHEWS; GLAZER, 2010) .
According to the fishers, there are also other contributing factors in the state of Santa Catarina during that period of the year. A greater fishing effort by commercial and recreational fisheries targeting stocks of species such as mullet (Mugil spp.), bluefish (Pomatomus saltatrix), and the whitemouth croaker (Micropogonias furnieri) (SUNYÉ, 2006) leading occasionally to the accidental entanglement of baleen whales (PONTALTI; DANIELSKI, 2011). Further, reports from some areas of the world, have shown that these interactions can result in the mortality or serious injury of marine mammals (READ et al., 2006) .
Accidental removal by other vessels, unskilled handling of fishing gear by recreational fishers, entanglement of large fish, presence of plant debris (such as tree trunks and branches), and disappearance of fishing gear have also been reported to be factors leading to ALDFG in Santa Catarina. Accidents, rough seas, driftwood or debris, and large fish were other causes cited in other Brazilian states (CHAVES; ROBERT, 2009), as well as in other countries (LAIST, 1995) . The main factors leading to ALDFG include adverse weather, damage to gear, collision with other vessels, entanglement in reefs, shipwrecks or other fishing gear, operational problems (including human error), vandalism, and unregulated or illegal fishing (LAIST, 1995; BAIRD, 2006) .
The fishers who participated in this study have suggested actions for tackling the effects of ALDFG. In some European countries, studies undertaken with fishers to prevent fishing gear being lost, abandoned or discarded have been proven to be efficient (PAWSON, 2003; MACFADYEN et al., 2009) .
Efforts have been made to reduce the impact of ghost fishing through: techniques designed to find the lost gear (MCELWEE et al., 2011; MCELWEE, 2012) , manual removal by divers or vessels (LARGE et al., 2005) , incorporation of biodegradable products into fishing gear (BILKOVIC et al., 2012) , technological support for fishers (CHAVES; ROBERT, 2009), and enforcement of laws that control the hidden impact of ALDFG.
As mentioned above, ALDFG is not a problem restricted to Brazil. Thus, studies and actions for tackling the effects of ghost fishing have been carried out in many countries ( VAN DER LAST, 2011; CHEN; LIU, 2013) . The cost-effectiveness of these methods of control is positive (BUTLER et al., 2013) , mainly for the fishing sector (ANTONELIS et al., 2011) , but also for local and global marine biodiversity (GILARDI et al., 2010) . About 10% of fishing gear is lost during fishing operations and thus ALDFG is unavoidable wherever fishing takes place (MACFADYEN et al., 2009) .
Fishing activities provide many benefits for society, such as food, employment, business, and leisure. It is crucial that these benefits continue to be available in the future. Any policy designed to protect its sustainable use should incorporate knowledge regarding the impact that fishing has on fishery resources and its environmental support system.
Fishing management in the state of Santa Catarina reflects the problems of the national system. The fishing sector neither recognize the existence of the ghost fishing problem nor adequately recognize its importance.
This indirect impact of fishing activity is rarely included in Brazilian studies, such as those on fisheries management or marine conservation, mainly due to the absence of data. Thus, the results presented here can be used as a basis for some areas of knowledge, provide the first data on the impact of ghost fishing on Brazilian rocky reefs.
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